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Abstract 
The susceptibility of aphids to lauric acid, a type of middle-chain fatty acids, based pesticide formulation was investigated. The 
insecticidal properties of lauric acid based pesticide formulation against aphids were evaluated through the three main routes of exposure: 
topical application, leaf-dipping (ingestion) and inhalation. Surface tension dependent aphids toxicity was also investigated by measuring 
the surface tension value of each formulation prepared. The relationship of surface tension and formulation toxicity was then observed on 
aphid tested. The obtained results indicate that all tested formulations had insecticidal activity against tested aphids depending on 
exposure method and lauric acid concentration. The topical application method recorded 100% mortality rates compared to the other two 
methods. With topical application method, most of the aphids died soon after treatment. Toxicity symptoms from lauric acid to aphids 
included unusual abdominal contractions which caused quick loss of coordination and decreased activity, and finally dehydration and 
necrosis within 24 hours. Results from surface tension study revealed close connection between toxicity and surface tension. This might 
lead to the conclusion that toxicity was possibly related to aphid suffocation in the highly wettable solution. Results from this research 
also demonstrated that there were possibility that lauric acid do not only kill aphids by suffocation, but also through change of cuticle and 
cell permeability and desiccation that lead to speedy death due to the chemical nature of lauric acid. Overall, the results recommend that 
lauric acid based pesticide formulation has both physical and chemical mode of action on aphids. 
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of the Research Management & Innovation Centre, Universiti Malaysia 
Perlis. 
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1. Introduction 
Agricultural crop losses are primarily caused by insect pest damage and plant diseases. Examples of major crop pests 
include whiteflies, mites, aphids and caterpillars that damage crops through direct feeding in fruit and foliage. Insects may 
also act as vectors of bacterial or viral plant diseases where controlling the insect vector is the only means of preventing 
infection. Thus, effective agricultural practices to control insect pests and diseases are essential to prevent excessive crop 
losses [1].  
For the past half century, humans have almost been completely dependent upon pesticides. The discovery and adoption 
of chemicals for pest control have so far ensured the success of modern agricultural practices. However, there are some 
synthetic pesticides with active ingredients that may possibly cause fertility problems, carcinogenesis and mutagenesis [2]. 
In spite of the potential toxic effects to humans, synthetic pesticides are still used in increasing quantities to kill pests. 
Conversely, the very properties that give these chemicals useful-long residual action and high toxicity to numerous 
organisms, have given rise serious environmental problems [3]. 
Concerns over the potential impact of pesticides on the environment have now become more persistent and more strict 
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pesticide registration procedures have been introduced [4]. Reference [5] said that with the increased environmental 
awareness and the pollution potential and health hazards from many of the conventional pesticides, the demand for nature-
based pesticides has been increasing worldwide. For that reason, the current paradigm of depending on almost absolutely on 
chemicals for pest control may need to be revised [6]. The needs for eco-friendly and safer pesticide development has 
resulted in the study of a host of natural active ingredients such as vegetable oils (i.e. fatty acids) [7], petroleum products [8] 
and polymer, preferably polysaccharide particles [1]. 
Fatty acid pesticide has been used in the last few decades to control insect pest and diseases [9]. Since the synthetic 
pesticides have developed and spread, the use of fatty acids pesticides have been replaced and have not been used for some 
time [10].Fatty acid pesticides are very general natural chemicals which are also known to be more environmental friendly 
and harmless for both animals and human beings [11]. It is now become an essential part of integrated pest management for 
in soil [11] and does not result in resistance in target pests [7].  
This research project focused on the possibility of using lauric acid, a component of fatty acid, as a natural pesticide. 
Lauric acid is preferred since it has high antimicrobial properties [12] is environmentally friendly and is easily available 
from various natural resources such as virgin coconut oil (VCO) 
2. Material and Method 
2.1 Chemicals 
 
Lauric acid used as the active ingredient in this work was purchased from Molekula (United Kingdom). The surfactant, 
sodium lauryl ether sulphate (SLES) and methanol (J.T. Baker) was already available in the Cosmetic Lab, Chemical 
Engineering Pilot Plant (CEPP), UniversitiTeknologi Malaysia. 
2.2 Insects 
 
Aphids (Aphis gossypii) for all laboratory assays were collected from naturally infested chilli (Capsicum annuum) plant 
in Seremban, Negeri Sembilan. The plant had received no chemical treatment during the growing phase. Aphids from the 
same source were similarly used to establish a colony on another potted chili plant. 
2.3 Pesticide Formulation 
Pesticide formulation comprising of lauric acid as active ingredient, sodium lauryl ether sulphate (SLES) as surfactant, 
methanol as solvent and deionized water were prepared and mixed well to ensure that the pesticide formulation will work 
effectively against aphids. 
2.4 Preparation of Lauric Acid Stock Solution 
 
Lauric acid solution was prepared prior to the experiment (Table 1). The lauric acid solutions were prepared in a 
standard 1000 mL volumetric flask. Lauric acid were weighed on mass basis and emptied into the volumetric flask and then 
solvent (methanol) was used to complete the solution to the final weight (1kg). After the preparation of the stock solution, it 
was diluted to obtain desired concentration. For this work, distilled water is prepared as the control solution. Lauric acid 
solutions were prepared at concentrations 0% (w/v), 0.01% (w/v), 0.10% (w/v), 0.5% (w/v), 1.0% (w/v), 5.0% (w/v) 
and10.0% (w/v) to be used in this study. This lauric acid stock solution was then mixed well with surfactant and distilled 
water to formulate the lauric acid based pesticide formulation. 
 
2.5 Pesticide Application Procedure 
Three different modes of exposure were applied: topical exposure, inhalation and leaf dipping method. For each mode 
of exposure tested, five aphids were isolated in each Petri dish and survival and mortality were recorded at 24 hours after 
treatment. Different lauric acid concentration ranges were tested: 0% w/v, 0.01% w/v, 0.1% w/v, 1% w/v, 5% w/v and 10% 
w/v. In all three modes of exposure, three replications were performed for each treatment as well as for control. 
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Table 1. Composition of pesticide stock formulation
Components Percentage (%)
Active ingredient (Lauric acid) 50
Surfactant (SLES) 40
Deionizedwater 10
2.5.1 Topical Application
Aphids were treated in Petri dishes containing a 2 centimetre diameter chilli leaf disk. 0.4 μl of lauric acid formulation 
or control solution was applied topically on the abdomen of aphids with an Eppendorf micropipette [13]. The volumes 
applied were selected to give full coverage of the insect body.
2.5.2 Inhalation
Filter paper discs (diameter: 3cm) were soaked with 25 μl of lauric acid formulation solution or control solution. They
were then covered with nylon mesh to prevent aphid contact and placed inside the Petri dishes [13]. A brush was used to
transfer five aphids to the same petri dishes and then left for 24 hours.
2.5.3 Leaf Dipping
Discs of chilli leaves with 2 cm diameter were placed upside down over a filter paper over a wet cotton pad in Petri
dish, 9 cm in diameter. Treatments were carried out by dipping the leaf disc in the formulated lauric acid concentrations for 
were dipped in water. 5 aphids were put with a fine brush to the surface treated leaves. Using microscopic examination, the
inspection and accounting of dead and living numbers were done after 24 hours of treatment.
2.6   Measurement of Surface Tension
Surface tension of all different concentrations of lauric acid based pesticide was sent for surface tension analysis
provided by the Advanced Oleochemical Technology Division (AOTD) of Malaysian Palm Oil Board (MPOB). They were
measured using surface tension meter, KrusstensiometerK10 (Krüss, Germany). When surface tension fail to attain
equilibrium in a few minutes, the value indicated at 5 min after measurement begins will be recorded instead of static
surface tension [9].
2.7 Efficacy Test
2.7.1       Mortality Rates and Duration to Kill
Aphids were exposed to one of the following seven treatments: distilled deionized water as control, lauric acid
concentration of 0% w/v, 0.01% w/v, 0.1% w/v, 1% w/v, 5% w/v and 10% w/v. A number of 5 aphids per concentration for 
each experiment and each treatment were replicated three times. To determine the duration of killing time, mortality was
assessed every 30 seconds for the first 10 minutes and every 2 minutes thereafter until all aphids died. Dead and live aphids
were inspected under a microscope and counted. Aphids were considered dead when they no longer moved after repeated 
2.7.2 Toxicity Symptoms
Toxicity symptoms caused by lauric acid based pesticide were observed on body segment and outer cuticle colour 
change of aphids tested. Effects on aphids treated with different techniques and concentrations of pesticide formulation were
also digitally photographed for observations and further assessment.
2.8  Data Analysis
The total mortality for each treatment was corrected according to ormula as follows, if necessary:
23 Sharifah Fathiyah Sy Mohamad et al. /  Procedia Engineering  53 ( 2013 )  20 – 28 
 The corrected percent mortalities were statistically computed according to [14]. Computed percent mortalities were then 
plotted versus the corresponding concentrations on logarithmic probability paper to obtain the corresponding log-
concentration probit (LC-P) lines [2].The lethal concentrations, LC50 values of various techniques were calculated using 
STATPLUS.  
3. Result and Discussion 
Toxicity of Lauric Acid Based Pesticide Formulation against Aphid 
3.1     Mortality Rates 
      The percentage of mortality of aphid as a result to treatmentwith different concentrations of lauric acid based 
pesticide formulation using leaf dipping, topical application and inhalation method is presented in Table II. Lowest 
mortalities were achieved at the lowest lauric acid concentration for all the three methods utilized in this experiment. It was 
clearly shown that deaths of aphids were still observed at 0% lauric acid concentration for all three methods tested in this 
experiment indicating that even without the existence of lauric acid, the surfactant (SLES) and the solvent (methanol) used in 
the formulation could also lead to aphid mortality. Table II also revealed that for all the three methods, the mortality rates 
imposed by the lauric acid based pesticide were dose-dependent, which means that the highest mortalities were always 
achieved with the highest concentrations. However, for topical application method, highest mortality rate (100%) is achieved 
even at lauric acid concentration as low as 0.5% (w/v). This result clearly indicated that lauric acid strongly altered aphid 
survival when delivered through topical application method since higher concentration of lauric acid does not necessarily 
caused highest mortality rates to the aphid tested. 
3.1.1   Surface Tension Dependent Aphid Toxicity 
From the effects of routes of delivery (Table II), it can be seen that topical exposure produced the most dramatic effect 
compared than the other two methods (inhalation and leaf dipping). Thus, the surface tension values can give some 
 
mortalities are evaluated by topical application method as it seemed to be the best method to apply pesticide formulations on 
aphids. 
Table II demonstrated that lauric acid based pesticide formulation with various concentrations of lauric acid from as low 
as 0.01% (w/v) until 10% (w/v) had low surface tension readings. It can be seen that lauric acid based pesticide solution 
having surface tension reading less than 30mN/m produced more than 80% aphicidity, while the control solution with the 
highest surface tension reading of 71.99 mN/m revealed no toxicity effects to the aphids tested (Table II). Addition of 
sodium lauryl ether sulphate (SLES) as surfactant to the lauric acid based pesticide formulations mostly lower the surface 
tension of an air-water interface from 72mN/m to around 24  28 mN/m as demonstrated by the other seven different 
concentrations of lauric acid. Aphid mortalities were also recorded within this range of surface tension values. 
Anionic, cationic and nonionic surfactants have been utilized in insecticide formulations for many years as emulsifying, 
wetting, spreading and sticking agents [9]. It was expected that the addition of surfactant to the lauric acid based pesticide 
formulation will decrease the surface tension present on the plant surface and insect cuticles. In Table II, pesticide 
formulation with only the surfactant and no lauric acid concentration (0% w/v) showed an average surface tension value of 
27.524 mN/m and resulted in 40% aphid mortality. This result suggests that besides decreases the surface tension present on 
the plant surface and the insect cuticle, the dead aphids is likely to be attributable to the toxic effects from the surfactant 
itself, as supported and reported by a few researchers [15; 16; 17]. 
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Fig. 1. Dose-mortality response of aphids at the range concentrations specified on the x-axis through inhalation, topical application and leaf dipping 
method 
Table 2: Mortality Percentages of Aphids After Treatment With Different Concentrations of Lauric Acid using Leaf Dipping, Topical Application and 
Inhalation Method (Mean ± Standard Deviation) 
Lauric acid  
Concentration 
(% w/v) 
Average 
Surface 
Tension 
(mN/m) 
Aphid Mortality Percentage (%) 
Leaf Dipping 
Method 
Topical 
Application  
Method 
Inhalation 
Method 
Control 71.990 0 ± 0.00 0 ± 0.00 0 ± 0.00 
0.00% 27.524 26.67  ± 18.86 40 ± 0.00 6.67 ± 4.71 
0.01% 24.222 26.67 ± 18.86 40 ± 0.00 13.33 ± 9.43 
0.10% 24.170 53.33 ± 18.86 86.67 ±  9.43 26.67 ± 9.43 
0.50% 28.638 66.67 ± 18.86 100.00 ±  0.00 46.67 ± 9.43 
1.00% 27.898 66.67 ± 24.94 100.00 ±  0.00 53.33 ± 9.43 
5.00% 26.819 80.00 ± 16.33 100.00 ±  0.00 60.00 ± 16.33 
10.00% 26.353 86.67 ± 9.43 100.00 ±  0.00 86.67 ± 9.43 
The effectiveness of pesticide formulations on aphids may be associated with surface tension (forces on liquid 
droplet surfaces that prevent them from spreading over treated surfaces) and contact angle (angle at which a liquid interface 
contacts solid surface) of the pesticide solution. Surface tensions have been strongly implicated in causing suffocation by 
wettable pesticide solution [18]. Higher surface tension causes the 
pesticide solution not being able to spread evenly and leave an irregular coverage on the leaves. Surface tension value of 
pesticide formulation is needed to be low as reported by [19] who demonstrated that low value of surface tension prevent 
promote the physical mode of action by spreading over waxy aphid body surface, hence, creating a watery film that would 
persist long enough to effect suffocation [9]. The effects of suffocation will then cause death of insects and desiccation 
makes the effect apparent within a few days. 
 Based on the results obtained, it is best to postulate that the lauric acid based pesticide actually acts physically 
when applied topically, where active ingredient (lauric acid) acts as surfactants. It means that lauric acid together with the 
sufactant added in the formulation physically alter the surface tension of a spray droplet by lowering it. For a pesticide to 
perform its function properly, a pesticide droplet must be able to wet the leaves and spread out evenly over a leaf. This 
double surfactant effect eventually works by enlarging the area of pesticide coverage on the leaf surface in spite of the 
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3.2     Toxicity Measurements - LC50 Values 
The lowest value of LC50 yielded from the topical application method, which was only 0.0856 μg/ml (Table III). LC50 
values for the leaf dipping method and inhalation method were 1.0656 μg/ml and 7.2628 μg/ml, respectively (equivalent to 
0.11% w/v and 0.73% w/v). Method of application played an important role in effectiveness of pesticide formulations. 
Based on the findings, topical application method is by far the most effective way of killing the insects, compared to the 
other two methods. It is also crucial that aphids were exposed directly to the wet formulation, or else it will no longer be 
effective. 
3.3   Duration of Killing 
 
The time to kill the aphids was positively related to the concentration of formulation applied (Table IV). The results 
indicates that for leaf dipping method and inhalation method, the higher the concentration applied to the aphids, the quicker 
the aphids died. On the other hand, the trend for the time takes to kill aphid through topical application method is slightly 
different than the other two methods. For topical application method, even the lowest concentration produced the same 
results as the higher concentration of lauric acid formulation. Only at concentration of 0%, the result is different, which is a 
mean of 0.2 minutes. 
Table 3:  LC50 Values for Three Modes of Exposure 
Modes of Exposure LC50 (μg/ml) 
Leaf Dipping Method 1.0656 
Topical Application Method 0.0856 
Inhalation Method 7.2628 
Table 4: Time (min) to Kill Aphid (Mean ± Standard Deviation) 
Concentration  
applied (%) 
Leaf dipping  
method 
Topical  
application  
method 
Inhalation  
method 
0.00 331.0 ± 42.43 0.2 ± 0.03 353.5  ± 7.78 
0.01 206.0 ± 59.71 0.1 ± 0.02 353.0 ± 1.41 
0.10 132.8 ± 77.17 0.1 ± 0.01 352.5 ± 0.71 
0.50 157.2 ± 14.75 0.1 ± 0.01 344.5 ± 2.12 
1.00 152.0 ± 6.71 0.1 ± 0.01 348.5 ± 2.12 
5.00 139.4 ± 11.89 0.1 ± 0.01 347.5 ± 3.54 
10.00 111.4 ± 28.90 0.1 ± 0.01 337.5 ± 3.54 
 
(a) Control aphid 
 
 
(b) Aphids treated with 10% 
lauric acid based 
formulation using topical 
application method 
 
(c) Aphids treated with 10% 
lauric acid based 
formulation leaf dipping 
method 
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(d) Aphids treated with 10% 
lauric acid based formulation 
using inhalation method 
 
Fig. 2. Physical features of lauric acid based pesticide treated aphids 
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It is observed that the topical application method showed the shortest time required in killing aphid. Meanwhile, 
the leaf dipping method and inhalation method which might need more concentration of lauric acid (Fig. 1) illustrated that it 
needs more time to cause aphid mortality as represented in Table IV. This result proves that lauric acid concentration and 
also method of application are strongly influence aphids killing time. 
It is apparent that aphids treated using the inhalation method died more slowly, compared to the leaf dipping 
method and topical application method. This might happens because evaluation of toxicity using the inhalation method 
requires active ingredient which is volatile and can produce toxic vapour. Perhaps, the inhalation method utilized in this 
experiment is not really a suitable method of exposure to be employed with lauric acid, which is obviously non-volatile 
organic compound. Consequently, the result obtained from the inhalation method maybe does not fully describe the effects 
of lauric acid to aphids mortality because the particular method takes longest time to cause mortality to aphid which might 
eath are more likely caused naturally, such as lacking in food supply. 
Topical application method killed aphids more quickly than leaf dipping method and inhalation method (Table IV). Topical 
application method requires lauric acid based pesticide to be applied directly to the aphid body surface. In this experiment, 
aphid death through topical application method was observed within seconds after lauric acid application, long before the 
first 24 hours checkpoint. Several hypotheses to explain the rapid knock-down effect where death aphids became 
dehydrated and their cuticle turned completely following direct application of lauric acid dark when roughly observed 
microscopically. 
3.4 Toxicity Symptoms 
 
Treated aphids (Fig. 2 (b), (c) and (d)) demonstrated no significant reduction in aphid size as compared to the control 
aphid (Fig. 2 (a)). However, Fig. 2 (b) illustrated that the cuticle of aphids were look like spreading or dissolving when the 
lauric acid formulation was applied topically which might suggests the site of entry for the active ingredient that would 
eventually cause death to the aphids. This trend, conversely, was not observed on treated aphids of the other two techniques. 
On the physical features, aphids tested illustrated no dramatic effects as shown by the topical application method (Fig. 2 (b)). 
Also, no other possible abnormality related to the effect of lauric acid concentration was observed. 
Table IV which show that topical application method took the shortest time to kill aphids also suggest that the rapid 
penetration of lauric acid to aphid cuticle indicates that it interacts with components of the cuticle. The external epicuticular 
-chain hydrocarbons, wax esters, fatty acids and long-chain alcohols [20; 
21; 22]. Lauric acid, which is one of the three most widely saturated fatty acids found in nature are structurally and 
chemically similar to these cuticular lipids. Therefore, they readily make contact with the cuticle and move through it by 
dissolving the cuticular lipids [23] or by moving through intercellular spaces in the cuticle and thus altering the lipid ordering 
inside it [24; 25]. From this result, it is quite possible to propose that the uptake of lauric acid based pesticide and movement 
e 
 
In this research work, treated aphids seem to be only have an effect on by the mode of application of the lauric acid based 
pesticide and not the concentration of lauric acid contained in the various pesticide formulations. In the topical application 
method, the treated aphids behaved in agitated fashion followed by a rapid loss of coordination and reduced activity. Severe 
muscular contractions around abdominal spiracles were observed throughout. During these contractions, the three pairs of 
legs twitched sporadically. After death, the aphids soon became flaccid and dehydrated and their cuticle turned completely 
dark about 2 hours after death.  
Conversely, toxicity symptoms of the aphids treated using inhalation method and leaf dipping method, on the other hand 
were not as dramatic as those evoked by the topical application method. Aphids treated by the other two methods were 
observed to die slowly and showed reduced activity, moving only when disturbed. The legs were folded but did not twitch or 
move in any way. The toxicity symptoms occurred is suggested from lauric acid itself.  
Results from leaf dipping method and inhalation method also suggest that lauric acid could have chemical mode of action 
that resulted toxicity on aphids. Therefore, fatty acids content in lauric acid is suspected to have toxic effects on aphids. 
Pesticide formulations with lauric acid as active ingredient (Table IV) were more toxic to aphids and killed them much more 
quickly than did the formulations with no lauric acid. This was supported by [26] who mentioned that vegetable oils are 
believed to be toxic to insects on account of their fatty-acid content. For instance, potassium salts, or soaps which generally 
made from the salt of fatty acids are contact insecticides. They work on contact and cause insect death by disturbing the 
cuticle permeability and obstructing spiracles, causing asphyxia [27].  
Fatty acids are the principal components of fats and oils found in animal and plants. In a study of comparing the toxicity 
of most fatty acids on lymphocyte by [28] it was found that saturated fatty acids showed increased toxicity as the carbon 
chain got longer. The toxicity of these fatty acids was: stearic acid >palmitic acid >myristic acid >lauric acid >capric acid 
>caprylic acid >caproic acid. Saturated fatty acids were as toxic as mono-unsaturated fatty acids when their chain had 12 or 
14 carbons [28]. Numerous studies have been conducted to correlate insecticidal activity with the physical structure of fatty 
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acids, and certain acids have been determined to be most insecticidal. For example, oleic acid, present in high quantities in 
olive oil and in lesser amounts in other vegetable oils, is especially effective as contact insecticides [27]. 
Chemical mode of action caused by lauric acid is possibly related to the structure of the fatty acids contain in the active 
ingredient itself. As a matter of fact, the lipophilic carbon chains of the fatty acids could penetrate and disrupt the lipoprotein 
l 
to dehydrate and die [29; 30].  
It is also observed that aphids treated by the lauric acid free formulation had demonstrated similar toxicity symptoms as 
shown by those aphids treated with formulations that contained lauric acid as the active ingredient. The similar appearance of 
dead aphids treated with and without lauric acid in the formulations suggests that toxicity is most likely to be attributable to 
shared mode of surfactant and lauric acid action. Surfactant was nevertheless toxic to aphids (Table IV) and the fact that the 
formulation with only the surfactant and no lauric acid also managed to kill aphids, shows that it contributes, but to a lesser 
degree, to the toxicity of the lauric acid based pesticide formulation as a whole. 
4. Conclusion 
In summary, this project has successfully investigated the susceptibility of aphids to lauric acid based pesticide 
formulation and found that generally lauric acid based pesticide formulations have important implications for pest control. 
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